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TITLE OF THE INVENTION 

[0005] SEMICONDUCTOR MEMORY DEVICE HAVING MULTI-LAYERED 
STORAGE NODE CONTACT PLUG AND METHOD FOR FABRICATING THE 
SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0010] The present invention relates to a semiconductor memory device and a 
method for fabricating the same, and more particularly, to a semiconductor memory 
device having a storage node contact plug and a method for fabricating the same. 

2. Description of the Related Art 

[0015] In semiconductor memory devices such as DRAM (Dynamic Random 
Access Memory) devices, a variety of contact holes are employed, including for 
example, a pad contact hole, a bit line contact hole, a storage node contact hole, a 
metal contact hole and a via contact hole. Among these contact holes, the storage 
node contact hole is very small, because it must be formed in a narrow region 
between the bit lines, and difficult to form, because it is created by deeply etching an 
interlayer dielectric layer. Moreover, to form the storage node contact hole in the 
narrow region between the bit lines, high level and precise alignment skills are 
required in the photolithography process. It is very difficult to reproducibly form a 
storage node contact hole since an alignment margin of 30 nm or less is required for 
a design rule of 0.15 or less. 

[0020] Accordingly, a method for forming a storage node contact hole using a 
self-align contact etching process has been proposed. In the self-align contact 
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etching process, after covering a bit line with a silicon nitride layer, the storage node 
contact hole is formed by etching an interlayer dielectric layer to be aligned at the 
silicon nitride layer, by taking advantage of the etching selectivity of the interiayer 
dielectric layer with respect to the silicon nitride layer. Next, a storage node contact 
plug material layer is formed in the storage node contact hole and then the storage 
node contact plug material layer is etched back, thereby forming a storage node 
contact plug. Thereafter, a storage node of a capacitor is formed on the storage 
node contact plug. 

[0025] In highly integrated semiconductor memory devices, since the storage node 
is formed of a metal layer, the storage node plug material layer is also formed of a 
metal layer, such as a tungsten layer or a titanium nitride layer, in the self-align 
contact etching process. 

[0030] However, when tungsten is used as the storage node contact plug material, 
the etching selection ratio (etching selectivity) of the storage node contact plug 
material layer (i.e.. tungsten) with respect to the silicon nitride layer covering the bit 
line is poor. As a result, the storage node contact plug material layer made of 
tungsten is damaged, rather than being selectively etched. Such damage may 
cause a short circuit between the storage node contact plug and the bit line. 
Moreover, as the design rule decreases, the silicon nitride layer becomes thinner. 
Thus, if the silicon nitride layer is completely destroyed, margins for the self-align 

0 

contact etching process are significantly decreased. 

[0035] If the storage node contact plug material layer is formed of a titanium nitride 
layer, cracks may occur due to a large amount of stress at the titanium nitride layer 
when depositing the titanium nitride layer to have a thickness greater than a certain 
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value. Moreover, the cracks may propagate to the interlayer dielectric layer, thereby 
causing serious problems. 

SUMMARY OF THE INVENTION 

[00401 To solve the above problems, it is a first object of the present invention to 
provide a semiconductor memory device which is capable of solving problems 
occurring when forming a storage node contact plug material layer comprising 
tungsten or titanium nitride. 

[0045] It is a second object of the present invention to provide a method for 
fabricating the semiconductor memory device. 

[0050] Accordingly, to achieve the first object, there is provided a semiconductor 
memory device. The semiconductor memory device includes a bit line stack, and a 
storage node contact hole aligned at bit line spacers formed at both side walls of the 
bit line stack and exposing a pad. in the storage node contact hole, a multi-layered 
storage node contact plug is formed by sequentially forming a first storage node 
contact plug and a second storage node contact plug. 

[0055] Preferably, the first storage node contact plug is formed of a titanium nitride 
layer and the second storage node contact plug is formed of a polysilicon layer. An 
ohmic layer may be further formed on the pad and under the first storage node 
contact plug. A barrier metal layer, which acts as a third storage node contact plug, 
may be further formed on the second storage node contact plug. 
[0060] According to another aspect of the present invention, a semiconductor 
memory device includes an interlayer dielectric layer formed to insulate a pad on a 
semiconductor substrate, and a bit line stack formed on the interlayer dielectric 
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layer. The semicxjnductor memory device includes a pair of bit line spacers, which 
are formed at both side walls of the bit line stack, and has a storage node contact 
hole exposing the surface of the pad formed therebetween. In the storage node 
contact hole, a multi-layered storage node contact plug is formed, in which a first 
storage node contact plug and a second storage node contact plug are sequentially 
formed. 

[0065] Preferably, the first storage node contact plug is formed of a titanium nitride 
layer and the second storage node contact plug is formed of a polysilicon layer. 
Preferably, the bit line stack consists of a bit line barrier metal layer, a bit line 
conductive layer, and a bit line cap layer which are sequentially deposited. 
Preferably, the bit line barrier metal layer is formed, of a titanium nitride layer, the bit 
line conductive layer is formed of a tungsten layer, and the bit line cap layer is 
formed of a silicon nitride layer. A barrier metal layer, which acts as a third storage 
node contact plug, may be further fomned on the second storage node contact plug. 
[0070] To achieve the second object of the present invention, there is provided a 
method for fabricating a semiconductor memory device including forming a bit line 
stack on a semiconductor substrate, on which an interlayer dielectric layer for 
insulating a pad is formed. A pair of bit line spacers are formed at both side walls of 
the bit line stack. A storage node contact hole is formed to be aligned at the bit line 
spacers and expose the pad in the interlayer dielectric layer by using a self align 
contact etching method. A multi-layered storage node contact plug, which consists 
of a first storage node contact plug and a second node contact plug, is formed in the 
storage node contact hole. 

[0075] Preferably, the first storage node contact plug is formed of a titanium nitride 
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layer and the second storage node contact plug Is formed of a polysilicon layer. A 
barrier metal layer, which acts as a third storage node contact plug, may be further 
formed on the second storage node contact plug. 

[0080] The multi-layered storage node contact plug is formed by the following 
steps. A first storage node contact plug material layer is formed on the entire 
surface of the semiconductor substrate after the storage node contact hole is 
formed. A second storage node contact plug material layer is formed on the first 
storage node contact plug material layer to sufficiently fill the storage node contact 
hole. A second storage node contact plug is formed in the storage node contact 
hole by etching back the second storage node contact plug material layer. A barrier 
metal material layer is formed on the entire surface, of the semiconductor substrate 
on which the second storage node contact plug is formed. The first storage node 
contact plug material layer and the barrier metal material layer on the bit line stack 
are then etched to complete the multi-layered storage node. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0085] The above objects and advantages of the present invention will become 
more apparent by describing in detail a preferred embodiment thereof with reference 
to the attached drawings in which: 

[0090] FIG. 1 is a cross-sectional view illustrating a semiconductor memory device 
having a multi-layered storage node contact plug according to the present invention; 
and 

[0095] FIGS. 2 through 6 are cross-sectional views illustrating a method for 
fabricating a semiconductor memory device having a multi-layered storage node 

-5- 



SEC.872 



contact plug as in FIG. 1 , 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0100] The present invention will now be described more fully with reference to the 
accompanying drawings, in which a preferred embodiment of the invention is shown. 
This invention may, however, be embodied in many different forms and should not 
be construed as being limited to the embodiment set forth herein. Rather, this 
embodiment is provided so that this disclosure will be thorough and complete, and 
will fully convey the concept of the invention to those skilled in the art. In the 
drawings, the thickness of layers and regions are exaggerated for clarity. It will also 
be understood that when a layer is referred to as b.eing "on" another layer or 
substrate, it can be directly on the other layer or substrate, or intervening layers may 
also be present. 

[0105] FIG. 1 shows a semiconductor memory device having a multi-layered 
storage node contact plug according to the present Invention. Specifically, a pad 13. 
and an interlayer dielectric layer 15 for insulating the pad 13. are formed on a 
semiconductor substrate 1 1 such as a silicon substrate. The pad 13 is formed of a 
polysilicon layer and the interlayer dielectric layer 15 is formed of a silicon oxide 
layer. 

[0110] A bit line stack 23 is formed on the interlayer dielectric layer 15. The bit line 
stack includes a bit line barrier metal layer 17, a bit line conductive layer 19, and a 
bit line cap layer 21 . The bit line barrier metal layer 17, the bit line conductive layer 
19 and the bit line cap layer 21 are formed of a titanium nitride layer, a tungsten 
layer and a silicon nitride layer, respectively. 

-6- 



SEC.872 

[0115] A pair of bit line spacers 25 are formed at both side walls of the bit line stack 
23. The bit line spacers 25 are formed of a silicon nitride layer. A storage node 
contact hole 26 is formed within the interlayer dielectric layer 15 so as to be aligned 
between the bit line spacers 25 and expose the pad. 

[0120] An ohmic layer 27a is formed in the storage node contact hole 26. The 
ohmic layer 27a is formed of titanium (Ti), cobalt (Co), molybdenum (Mo) or tungsten 
(W). A multi-layered storage node contact plug, consisting of a first storage node 
contact plug 29a and a second storage node contact plug 31a, is formed on the 
ohmic layer 27a within the storage node contact hole 26. The second storage node 
contact plug 31a is formed to be thicker than the first storage node contact plug 29a. 
The first storage node contact plug 29a is formed of a titanium nitride layer and the 
second storage node contact plug 31a is formed of an impurity-doped polysilicon 
layer. 

[0125] The first storage node contact plug 29a formed of titanium nitride acts as a 
barrier metal layer. The second storage node contact plug 31a formed of polysilicon 
can be etched more easily than a conventional storage node contact plug formed of 
tungsten. In addition, the second storage node contact plug 31 has a superior 
etching selection rate, or etching selectivity, with respect to a silicon nitride layer or a 
titanium nitride layer. A barrier metal layer 33a for forming a storage node of a 
capacitor is formed on the second storage node contact plug 29a. The barrier metal 
layer 33a is formed of a titanium nitride layer (TiN) or a tantalum nitride layer (TaN). 
The barrier metal layer 33a used in. the present embodiment can be used as a third 
storage node contact plug. 

[0130] FIGS. 2 through 6 are cross-sectional views illustrating a method for 
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fabricating a semiconductor memory device having a multi-layered storage node 
contact plug according to the present Invention. 

[01351 Referring to FIG. 2, a bit line stack 23 is formed on a semiconductor 
substrate 1 1 , such as a silicon substrate, on which a pad 13 and an interiayer 
dielectric layer 15 for insulating the pad 13 have been formed. The pad 13 is formed 
of a polysilicon layer and the interiayer dielectric layer 15 is forrned of a silicon oxide 
layer. The bit line stack 23 is formed by sequentially depositing a bit line barrier 
metal layer 17, a bit line conductive layer 19, and a bit line cap layer 21 . The bit line 
barrier metal layer 17, the bit line conductive layer 19, and the bit line cap layer 21 
are formed of a titanium nitride layer, a tungsten layer and a silicon nitride layer, 
respectively. 

[0140] Next, a pair of spacers 25 are formed at both side walls of the bit line stack 
23. The bit line spacers 25 are formed of a silicon nitride layer. Then, a storage 
node contact hole 26 is formed in the interiayer dielectric layer 15 so as to be 
aligned at the bit line spacers 25 and expose the pad. Here, a self-align contact 
etching method is needed because the storage node contact hole 26 is formed to be 
self-aligned at the bit line spacers 25 by etching the interiayer dielectric layer 15. 
[0145] Referring to FIG. 3, an ohmic material layer 27 Is formed on. the entire 
surface of the semiconductor substrate 1 1 where the storage node contact hole 26 
is formed. The ohmic material layer 27 is formed of titanium (Ti), cobalt (Co), 
molybdenum (Mo) or tungsten (W) so as to have a thickness between about 30 A to 
about 100 A. A first storage node contact plug material layer 29 is formed on the 
ohmic material layer 27. The first storage node contact plug material layer 29 is 
formed of a titanium nitride layer so as to have a thickness between about 200 A to 
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about 700 A. The first storage node contact plug material layer 29 acts as a barrier 
metal layer. Note that the ohmic material layer 27 and first storage node contact 
plug material layer 29 are formed on the sidewalls of, and partially fill, the storage 
node contact plug 26. 

[0150] Referring to FIG. 4, a second storage node contact plug material layer 31 is 
formed on the entire surface of the semiconductor substrate 1 1 on which the first 
storage node contact plug material layer 29 is formed, so as to completely fill the 
storage node contact hole 26. The second storage node contact plug material layer 
31 is formed to be thicker than the first storage node contact plug material layer 29. 
The second storage node contact plug material layer 31 is formed of an. 
impurity-doped polysilicon layer, which can fill the storage node contact hole 26 
more completely and can be etched more easily than the tungsten layer used in the 
prior art. 

[0155] Referring to FIG. 5, the second storage node contact plug material layer 31 
is etched back by a conventional etching method, thereby forming a second storage 
node contact plug 31a within the storage node contact hole 26. The second storage 
node contact plug 31a can be formed easily by taking advantage of a superior 
etching selectivity between the second storage node contact plug material layer 31 
(formed of polysilicon) and the first storage node contact plug 29 (formed of a 
titanium nitride). In other words, the polysilicon layer forming the second storage 
node contact plug material layer 31 has a high etching rate with respect to the 
titanium nitride layer forming the first storage node contact plug 29 and thus, only 
the polysilicon layer is etched. 

[0160] Referring to FIG. 6, a barrier metal material layer 33 Is formed on the entire 
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surface of the semiconductor substrate 1 1 on which the second storage node 
contact plug 31 a is formed. The barrier metal material layer 33 is formed of a 
titanium nitride layer or a tantalum nitride layer to have a thickness between about 
700 A to about 1000 A. The barrier metal material layer 33 is thinly deposited to 
have such a thickness, thereby preventing cracks and making it easy to etch the 
barrier metal material layer. 

[0165] Next, as described in FIG. 1 , the ohmic material layer 27, the first storage 
node contact plug material layer 29, and the barrier metal material layer 33 are 
etched back to the height of the bit line cap layer 21 , thereby creating ohmic layer 
27a. first storage node contact plug 29a, and barrier metal layer 33a. 
[0170] As a result, the ohmic layer 27a is formed in the storage node contact hole 
26, and a multi-layered storage node contact plug, comprising the first storage node 
contact plug 29a and the second storage node contact plug 31a, is formed on the 
ohmic layer 27a. The barrier metal layer 33a is formed on the second storage node 
contact plug 31a. The barrier metal layer 33a used in the present invention can be 
used as a third storage node contact plug. If the first storage node contact plug 
material layer 31 is etched more deeply, the barrier metal layer 33a becomes the 
third storage node contact plug. 

[0175] As described above, according to the present Invention, the storage node 
contact plug buried in a storage node contact hole consists of a titanium nitride layer 
and a polysilicon layer, by which margins for a process can be improved by taking 
advantage of a high etching selection ratio of the titanium nitride layer or the 
polysilicon layer with respect to a tungsten layer used in the prior art. Moreover, the 
occurrence of cracks can be prevented in a process for forming the storage node 
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contact plug of a titanium nitride layer. 

[0180] While this invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made to the described 
embodiments without departing from the spirit and scope of the invention as defined 
by the appended claims. 



